Objective: To investigate prospectively whether autonomic nervous system (ANS) dysfunction and inflammation play a role in the increased cardiovascular disease (CVD)-related mortality risk associated with depression. Methods: Participants in the Cardiovascular Health Study (n ϭ 907; mean age, 71.3 Ϯ 4.6 years; 59.1% women) were evaluated for ANS indices derived from heart rate variability (HRV) analysis (frequency and time domain HRV, and nonlinear indices, including detrended fluctuation analysis (DFA 1 ) and heart rate turbulence). Inflammation markers included C-reactive protein, interleukin-6, fibrinogen, and white blood cell count). Depressive symptoms were assessed, using the 10-item Centers for Epidemiological Studies Depression scale. Cox proportional hazards models were used to investigate the mortality risk associated with depression, ANS, and inflammation markers, adjusting for demographic and clinical covariates. Results: Depression was associated with ANS dysfunction (DFA 1 , p ϭ .018), and increased inflammation markers (white blood cell count, p ϭ .012, fibrinogen p ϭ .043) adjusting for covariates. CVD-related mortality occurred in 121 participants during a median follow-up of 13.3 years. Depression was associated with an increased CVD mortality risk (hazard ratio, 1.88; 95% confidence interval, 1.23-2.86). Multivariable analyses showed that depression was an independent predictor of CVD mortality (hazard ratio, 1.72; 95% confidence interval, 1.05-2.83) when adjusting for independent HRV and inflammation predictors (DFA 1 , heart rate turbulence, interleukin-6), attenuating the depression-CVD mortality association by 12.7% (p Ͻ .001). Conclusion: Autonomic dysfunction and inflammation contribute to the increased cardiovascular mortality risk associated with depression, but a large portion of the predictive value of depression remains unexplained by these neuroimmunological measures. Key words: depression, autonomic nervous system, inflammation, risk factors, cardiovascular disease, mortality.
INTRODUCTION

D
epression is associated with an increased risk of cardiovascular disease (CVD) (1) (2) (3) (4) . The pathophysiological mechanisms accounting for the relationship between depression and CVD risk remain unclear. These mechanisms may involve autonomic nervous system (ANS) dysfunction and inflammation. Prior cross-sectional studies have shown that depression is associated with autonomic dysfunction (5) (6) (7) and elevated inflammation markers (8 -11) , but the mediating role of these purported mechanisms has not been consistently established (12) (13) (14) (15) (16) .
ANS activity in the direction of parasympathetic withdrawal and increased sympathetic activation is associated with increased cardiovascular mortality risk. Using heart rate variability (HRV) analyses, most studies have documented that reduced HRV is associated with poor cardiovascular outcomes, although negative studies have been reported as well, particularly when short-term HRV assessments are used (17) (18) (19) (20) (21) (22) (23) . In addition, multiple studies (24 -26) have shown adverse CVD outcomes in individuals with elevated levels of inflammation markers. The ANS plays an essential role in the bidirectional relationship between the central nervous and immune systems. Elevated parasympathetic nervous system activity is associated with attenuated immune system responsiveness to inflammatory stimuli (27) . Noninvasive markers of sympathovagal imbalance, particularly reduced HRV power and high-frequency HRV, are associated with higher concentrations of systemic inflammation markers (e.g., interleukin
[IL]-6, tumor necrosis factor-␣, and fibrinogen) (28 -36) . Some evidence indicates that the association between ANS activity and inflammation is stronger in depressed versus nondepressed individuals (28) , but this may, in part, be explained by CVD as a common underlying factor. Additional research is needed to examine whether these autonomic and inflammation-related processes are involved in the relationship between depression and CVD progression.
The present cohort study examined whether depressive symptoms are cross sectionally associated with HRV-based indices of ANS dysfunction and inflammation markers. We also investigated whether associations between autonomic dysfunction and inflammation are stronger in depressed versus nondepressed individuals. The main goal of this investigation was to examine whether these biobehavioral factors were independently predictive of CVD-related mortality, and to determine the extent to which the increased risk of CVD mortality associated with depression is influenced by ANS dysfunction and inflammation.
METHODS Participants
A detailed description of the design and recruitment procedures of the Cardiovascular Health Study (CHS) has been described previously (29, 37, 38) . The main CHS cohort (n ϭ 5201), aged Ն65 years, was enrolled from a sample of Medicare-eligible individuals from four communities in the United States, between April 1989 and May 1990. Exclusion criteria for the CHS were: hospice treatment, wheel-chair bound in the home, and radiation or chemotherapy for cancer. Data for the CHS minority cohort (n ϭ 687, recruited in 1992/1993) were not included because simultaneous assessments of ambulatory electrocardiogram (ECG) and inflammation markers were not available for the added cohort.
The CHS was approved by the Institutional Review Boards of the participating study sites. All participants gave their informed consent. Data from the baseline CHS assessment year (1988 -1989) were used for the present analyses.
Of the 5,201 CHS participants, 1,424 (27.3%) participants were randomly selected for an ancillary investigation (directed by P.K.S.) involving ambulatory ECG monitoring (29, 38) . The ambulatory ECG registration was used for measurement of HRV-based ANS indices. Demographic and clinical factors in the CHS subcohort with ambulatory ECG recordings did not differ from the total CHS cohort (38) . Valid recordings were returned by 1384 (97.1%) of 1424 of which 1198 (86.6%) were usable for HRV analyses. Participants with a positive history of CVD (290 of 1198, 24.2%) were excluded from the present analyses to avoid potential confounding effects of CVD and CVD-related interventions on ANS indices and inflammation markers. Absence of CVD was based on history of coronary artery disease (i.e., myocardial infarction, coronary artery bypass surgery, coronary angioplasty, hospitalization for anginal symptoms), cerebrovascular accidents, or history of transient ischemic accidents. A flowchart of participant selection is presented in Figure 1 . A total of 908 CVD-free participants with valid ambulatory ECG recordings were included in this investigation; participant characteristics are presented in Table 1 .
Assessment of Depressive Symptoms
Depressive symptoms were assessed, using the 10-item Centers for Epidemiologic Studies Depression (CES-D) scale (39) , previously validated in adults Ͼ65 years of age (40) . The magnitude of depressive symptoms was analyzed as a continuous variable based on the CES-D scores (potential range, 0 -30) and categorically using a previously validated cutoff score (Ն8) for the presence of depression (1, 40) . Valid CES-D data were available for 907 (99.8%) of 908 participants, and the observed CES-D scores ranged from 0 to 29 (mean, 4.5 Ϯ 4.4) with a reliability coefficient (Cronbach's ␣) of 0.75 (11) .
Ambulatory ECG Monitoring and ANS Indices
ECGs were recorded on Del Mar Avionics tape recorders which have a calibrated timing signal; ECGs were processed, using an ambulatory ECG analyzer (MARS 8000, GE-Marquette, Milwaukee, Wisconsin). Only normalto-normal (N-N) beats with uniformly detected onsets were included in the HRV analyses. N-N intervals outside of the range limits between the longest and shortest validated N-N interval were excluded from the analyses (e.g., ectopic beats and blocked atrial premature contractions). HRV was calculated from beat-to-beat files of the 24-hour recordings and exported to a Sun Enterprise 450 server (Sun Microsystems, Santa Clara, California), using validated software as described previously (29, 38) . For the present analyses, both 24-hour and daytime (i.e., between 8 AM and 8 PM) analyses of the ECG recordings were used. The daytime analyses were included in addition to standard 24-hour HRV indices to minimize bias related to poor sleep and other confounds of nocturnal physiological assessments in the elderly.
Of the 1,424 participants who were equipped with an ambulatory ECG monitor, 1,384 (97%) participants returned tapes with usable signals for HRV analyses. Exclusions from the HRV analyses were: atrial fibrillation or pacemakers (n ϭ 36); wandering atrial pacemaker or irregular sinus rhythm precluding accurate identification of normal beats (n ϭ 48), ectopy or poor ECG signals resulting in insufficient data for 24-hour frequency domain HRV analyses (n ϭ 102). Of the remaining 1,198 participants with Ͼ18 hours of Ն80% valid N-N intervals, 908 participants were free of CVD at study entry. 
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Frequency and Time Domain HRV Analysis
Frequency domain analysis was performed, using previously described methods (19, 29, 38 2 ). LF-HRV and HF-HRV were determined as the average over 5-minute periods to reduce artifacts related to nonstationarity. LF-HRV power reflects both sympathetic and parasympathetic modulation of heart rate, whereas the HF-HRV power primarily reflects vagal modulation of heart rate (19). Total power was based on the 0.0033-Hz to 0.40-Hz frequency range and calculated for the entire recording. Time-domain-based standard deviation of the NN intervals (SDNN) is equivalent to the total power HRV index and was included to enable comparison with other research reports in this area. Other time-domain HRV indices were: the root mean square of successive differences of NN intervals (RMSSD), in milliseconds (ms), the percent of successive NN interval differences Ͼ50 ms, in percent (19) . RMSSD and PNN50 primarily reflect parasympathetic influence on the heart, and the SDNN reflects all sources of variability in heart rate (19) .
Nonlinear HRV
Nonlinear HRV analysis quantifies the randomness or degree of selfsimilarity of heart rate patterns at different time scales (21) . Detrended fluctuation analysis (DFA) determines the short-term self-similar properties of the NN interval time series. Details of this method have been described previously (29, 38, 41, 42) . The short-term fractal scaling exponent was determined for 4 to 11 beat sequences of N-N interval data (DFA 1 ). DFA 1 ϭ 0.5 indicates a random signal, and DFA 1 ϭ 1.5 indicates totally correlated signals. DFA data were analyzed as continuous variables and as dichotomized measure based on a cutoff of Ͻ1.0 (29, 38) . Reduced DFA1 reflects a breakdown of fractal heart rate patterns that occur during activation of both sympathetic and parasympathetic nervous system outflow (43) .
Heart rate turbulence (HRT) quantifies the response of the sinus node to premature ventricular complexes (PVCs) (29, 38, 44, 45) . Two indices are calculated: turbulence onset (TO) and turbulence slope (TS). In healthy hearts, PVCs are followed by a brief sinus tachycardia. The percent change in N-N interval of the two post-PVC beats was compared with the two beats preceding the PVC. In healthy hearts, this index is negative or zero, and a TO of Ͼ0% is therefore considered abnormal. TS quantifies the oscillation in heart rate (tachycardia, bradycardia, then return to baseline) that follows a PVC as the largest fitted slope of the N-N intervals between any 5 beats within 15 beats of the PVC. Turbulence was examined as a continuous and categorical variable (TO of Ͼ0% and TS of Ͻ3 ms/beat) (29, 38) . These indices require Ն5 PVCs for calculation and are determined as an average of all of the PVCs on the recording. Participants with Ͻ5 ventricular premature beats were categorized as having normal heart rate turbulence values (21, 29, 38) .
Blood Chemistry Processing
Phlebotomy methods, handling of the samples, and quality assurance have been described previously (46, 47) . Samples were obtained in the morning (between 7:30 AM and 10 AM) after an overnight fast and centrifuged at 4°C within 40 minutes of venipuncture. Citrated plasma was used for analyses of fibrinogen and serum for the C-reactive protein (CRP) and IL-6 assays. Aliquots were frozen at Ϫ70°C until analysis. Analyses on whole blood (white blood cell count [WBC] ) were conducted at local laboratories.
Inflammation Markers
High-sensitivity CRP was assessed with an ultra-sensitive enzyme-linked immunosorbent assay, using purified protein and polyclonal anti-CRP antibodies (48) . The coefficient of variation (CV) for CRP is 7.6%. IL-6 was assayed, using an enzyme-linked immunosorbent assay (R & D Systems, Minneapolis, Minnesota; CV ϭ 6.3%) (26, 49, 50) . Plasma fibrinogen was measured as the rate of clot formation, using a semiautomated modified method described by Clauss using a BBL Fibrometer (Becton-Dickinson, Franklin Lakes, NJ). Calibration reference plasma was used as standard, and results were confirmed by participating in the College of American Pathologists' comprehensive coagulation quality assurance program, as previously described (51) . The mean monthly CV was 3.09%. WBC count was assessed, using automated cell counters at the local laboratories (47) . The interassay CV was 5.50%.
Covariates: Clinical Measures and Cardiovascular Risk Factors
Covariates were selected based on their reported associations with depression, HRV indices, or inflammation markers. Baseline clinical examinations included standardized assessments of blood pressure, diabetes, the presence of isolated subclinical cardiovascular disease, use of ␤ blocking and antidepressive medications, weight, height, smoking status, and level of physical activity. Diabetes was defined as a fasting glucose of Ն126 mg/dL or use of hypoglycemic agents (pills and/or insulin), and impaired fasting glucose was defined as glucose between 100 to 125 mg/dL (37, 51) . Isolated subclinical cardiovascular disease (i.e., markers of CVD in the absence of any form of clinical CVD) was defined as composite index of the following: ankle-arm index Յ0.9, common carotid intima-media thickness in Ͼ1.20 mm, maximum carotid stenosis Ն50%, major ECG abnormality (ventricular conduction defect, major Q-wave abnormalities, left ventricular hypertrophy, isolated ST-T wave abnormalities, atrial fibrillation, first-degree atrioventricular block), or left ventricular ejection fraction characterized as borderline or abnormal (52) . The use of ␤-blocking agents was included as a covariate in the statistical analyses because ␤-adrenergic blocking agents may result in depressive symptoms and can alter HRV-based ANS indices. Smoking status was categorized as current, former, and nonsmoker. Physical activity was based on self-reported activity levels, using the modified Minnesota Leisure-Time Activities questionnaire (53, 54) , which evaluated frequency and duration of 15 different activities during the prior 2 weeks; converted into kcal/week as described previously (55) .
Ascertainment of Cause of Mortality During Follow-Up
The protocol for the assessment of adverse cardiovascular outcomes and mortality has been previously described (56) . The Events Subcommittee of the CHS adjudicated cardiovascular cause of mortality by review of the medical record, death certificate, or through review of autopsy reports and the Medicare database during 15 years of follow-up. There was 100% ascertainment of vital status. Cause of death was defined as cardiovascular if the primary reason for mortality was determined to be cardiac or cerebrovascular if the underlying cause of mortality was determined to be cardiac or cerebrovascular as adjudicated by the CHS Events Subcommittee (56).
Statistical Analyses
Data are presented as mean Ϯ standard deviation for all clinical variables and mean Ϯ standard error of the mean for blood chemistry data. Comparisons between depressed (CES-D Ն8) versus nondepressed (CES-D Ͻ8) participants (1,40) were made, using multivariate analyses of variance and subsequent t tests or 2 tests. If data were not normally distributed, logarithmic (HRV and blood chemistry values) or square root (CES-D) transformations were applied before parametric statistical analyses. Associations between depressive symptoms as continuous variable with HRV and inflammation markers were examined, using regression analysis with CES-D scores as continuous predictor variable. Multivariable analyses were used to determine whether the associations of depression with HRV indices and inflammation markers were independent of covariates using analyses of covariance for continuous variables and multivariable logistic regression for dichotomous variables. Covariate selection was based on theoretical plausible confounding factors (age, systolic blood pressure, diabetes, body mass index [BMI] , and use of ␤-adrenergic medications) and sample-specific measures that were significantly associated with depression (sex and physical activity).
Predictors of CVD mortality were examined, using Cox proportional hazards models. Unadjusted HRs are presented first. HRV and inflammation markers were examined as continuous measures, using standardized Z scores to facilitate comparison between the predictor variables that were measured
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using different scales. Risks based on previously established cutoff values (CES-D, DFA 1 , and turbulence measures) or median splits (if no such cutoff values were available) are presented as well. We then examined the magnitude of change in the association between depression and CVD mortality when continuous HRV and inflammation markers were added to the Cox regression models. Specifically, to evaluate whether a covariate changed the strength of association between depressive symptoms and CVD mortality, we calculated the percentage change in the effect size (log HR) for depression after adjustment for the covariate from the unadjusted log HR (12, 57) . To rule out artifacts related to different sample sizes between the two nested models (i.e., depression and depression ϩ covariate), participants with missing values for the covariate were excluded for each of the % log HR estimates. Positive values for the % change in log HR indicate potential confounding or mediation, and negative values indicate suppressor effects. Variables that resulted in Ͼ5% change in the log HR for depression were considered to influence the association between depression and CVD mortality (12) .
To avoid multicollinearity resulting from the multiple interrelated HRV measures (VLF-HRV, LF-HRV, HF-HRV, total HRV power, SDNN, RMSSD, PNN50, DFA1, HRT onset, HRT slope, heart rate), a stepwise multivariable approach was used to select the HRV parameters that independently predicted CVD mortality (for 24-hour and daytime HRV separately). A similar approach was used to identify the independently predictive inflammation markers (WBC, IL-6, CRP, and fibrinogen). Multivariable analyses were then used for examining depression and independent HRV indices in the first covariate set. The second set included inflammation markers. Analyses were subsequently adjusted for demographic measures (age, sex), CV risk factors (systolic blood pressure, diabetes mellitus, subclinical CVD), medication use (␤-blocking agents), and health behaviors (physical activity, smoking status, and BMI).
Mediational analyses were performed, examining HRV and inflammation markers that were a) related to depression at p Ͻ .10, and b) associated with CVD mortality at p Ͻ .10 (58,59). A two-sided p Ͻ .05 was used as a cutoff for statistical significance.
RESULTS
Characteristics of the study participants are shown in Table 1. Depression was more common in women (p ϭ .017) and was associated with reduced physical activity levels (p ϭ .017). Depression was not associated with traditional CVD risk factors or subclinical disease (p Ͼ .2). Antidepressive medication use was more common in depressed participants (p Ͻ .001) and involved predominantly tricyclic antidepressants. The use of ␤ blockade did not differ between participants with versus without depression (p ϭ .22). Table 2 shows the relationship between depression status and HRV indices of ANS function. The overall multivariate analysis of variance (MANOVA) for all HRV-based measures combined was significant for daytime observations (F for HRV ϭ heart rate variability; CES-D ϭ Centers for Epidemiological Studies Depression scale; VLF ϭ very low frequency; LF ϭ low frequency; SDNN ϭ standard deviation of the NN intervals; RMMSD ϭ square root of mean square successive difference of NN intervals; PNN50 ϭ percent of successive NN interval differences Ͼ50 ms; DFA 1 ϭ detrended fluctuation analysis for the short-term fractal scaling exponent; HRT ϭ heart rate turbulence. Units: VLF, LF, HF and total power HRV in ln ms 2 ; SDNN and RMSSD in ms; and PNN50 in %; HRT onset Ͼ0%. HRT slope, Ͻ3 ms/beat; heart rate, beats/min. a Adjusted for age, sex, systolic blood pressure, diabetes, body mass index, physical activity (kcal/wk), and use of ␤-adrenergic blocking agents. Data are presented as mean Ϯ standard deviation or N and (%).
Association of Depression with ANS Indices and Inflammation Markers
Wilks' Lambda (11, 895) ϭ 1.87, p ϭ .040), but not for 24-hour HRV (F for Wilks' Lambda (11, 882) ϭ 1.24, p ϭ .26). When adjusting for covariates, MANOVA results remained similar (daytime p ϭ .026 and 0.33, respectively). Depression was associated with significantly (p ϭ .017) greater prevalence of reduced
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more premature ventricular complexes than nondepressed participants (206 Ϯ 1049 versus 167 Ϯ 694; p ϭ .89).
Results for inflammation markers are shown in Table 3 . The multivariate (MANOVA) main effect for depression on inflammation markers was significant (F for Wilks' Lambda (4, 812) ϭ 2.57, p ϭ .037) when adjusting for covariates (age, sex, diabetes, systolic blood pressure, BMI, physical activity and use of ␤-blocking agents. Covariate-adjusted analyses revealed that depression was associated with elevated WBC, p ϭ .015, and fibrinogen, p ϭ .042 (Table 3) .
Relationship Between ANS Indices and Inflammation Markers
The relationship between HRV indices and inflammation markers is displayed in Table 4 . Data are presented for the 24-hour and daytime HRV indices. Inverse associations were found between VLF-HRV and LF-HRV with CRP, IL-6, and WBC. A 24-hour total power HRV and SDNN were related to all inflammation markers. Furthermore, 24-hour DFA 1 was related to IL-6 and CRP, and HRT slope to WBC and IL-6. Data for daytime HRV displayed a similar pattern of inverse relationships between HRV and inflammation markers.
Relationships were similar in depressed and nondepressed participants. A few differential patterns were observed. In nondepressed individuals, 24-hour DFA 1 was inversely associated with WBC (r ϭ Ϫ.076, p ϭ .035), IL-6 (r ϭ Ϫ.126, p Ͻ .001), and CRP (r ϭ Ϫ.139, p Ͻ .001), which was not observed in depressed individuals (p Ͼ.10) (p interaction ϭ .011, .042, and .012, respectively). Among depressed participants, HF-HRV was inversely related to WBC (r ϭ Ϫ.292, p ϭ .001), IL-6 (r ϭ Ϫ.233, p ϭ .010), and CRP (r ϭ Ϫ.205, p ϭ .020), which was not observed in nondepressed individuals (p interaction ϭ Ͻ.001, .025, and .040, for WBC, IL-6, and CRP, respectively). Results for daytime HRV indices stratified by depression status were similar (data not shown).
Increased Cardiovascular Mortality Risk Associated With Depression; Role of ANS and Inflammation Markers
A total of 352 (38.8%) participants died during follow-up (median follow-up duration, 13.3 years (range, 78 days-14.1 years). Of these deaths, 121 (34.4%) were classified as resulting from cardiovascular causes (median time until CVD death, 7.9 years; range, 78 days-13.8 years).
As shown in Figure 2 , presence of depression was associated with increased risk of CVD-related mortality (HR, 1.88; 95% CI, 1.23-2.86). This association remained significant after adjustment for age, sex, systolic blood pressure, diabetes, BMI, physical activity (kcal/week), and use of ␤-adrenergic blocking agents (HR, 2.11; 95% CI, 1.37-3.24) and additional adjustments for predictors of CVD death (smoking status and subclinical CVD: HR, 2.09; 95% CI, 1.36 -3.24). The level of depression severity (i.e., CES-D as continuous variable), was also significantly predictive of CVD mortality after adjustment for covariates (HR, 1.04; CI, 1.01-1.09 per CES-D unit). Table 5 shows the unadjusted predictive value of depression, HRV indices and inflammation markers for CVD mor- HRV ϭ heart rate variability; WBC ϭ white blood cell count; IL ϭ interleukin; CRP ϭ C-reactive protein; VLF ϭ very low frequency; LF ϭ low-frequency; HF ϭ high frequency; SDNN ϭ standard deviation of the NN intervals; RMSSD ϭ square root of mean square successive difference of RR intervals; PNN50 ϭ percent of successive RR interval differences Ͼ50 ms; DFA 1 ϭ detrended fluctuation analysis for the short-term fractal scaling exponent. * p Ͻ .05; **p Ͻ .01.
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tality. HRV indices significantly associated with CVD mortality were VLF-HRV, LF-HRV, total HRV power, SDNN, RMSSD (only as continuous measure), DFA 1 , HRT onset, and HRT slope. Because these HRV indices are interrelated, we used a stepwise model to determine which HRV measures independently predicted CVD mortality. The 24-hour DFA 1 and HRT slope were independent HRV-based predictors of mortality and were used in subsequent multivariable analyses. Data for daytime HRV measures were similar, with VLF-HRV, DFA 1 , and HRT slope emerging as independent HRVbased predictors of mortality. Among the inflammation markers, CRP and IL-6 were associated with CVD mortality. Multivariable stepwise analyses of the inflammation markers indicated that IL-6 was the only inflammation marker independently associated with mortality. Figure 3 displays the relative reduction in predictive value of depression for CV mortality when adjusting for each of the 24-hour ANS and inflammation markers. Reductions in the predictive value of depression (Ͼ5%) occurred with adjustments for 24-hour VLF (8.9%) and DFA 1 (6.8%). Reductions for daytime HRV indices were stronger: VLF (11.0%), LF (6.0%), DFA 1 (8.2%). Figure 3 also shows that inflammation markers reduced the predictive value of depression (IL-6, 10.2%; CRP, 6.5%; and fibrinogen, 6.7%).
Multivariable analyses were used to examine the combined risk of depression, HRV indices and inflammation markers for CVD mortality (Table 6 ). Specifically, adding independent 24-hour HRV indices (DFA 1 and HRT slope) significantly improved a model that included depression (⌬ 2 ϭ 24.3, p Ͻ .001), and the association of depression with CVD mortality was reduced by 7.4%. Addition of IL-6 (i.e., the independent inflammation marker) further improved the model (⌬ 2 ϭ 13.3, p Ͻ .001), reducing the predictive value of depression by another 7.9% of the remaining variance (depression remained significantly predictive of CVD mortality (HR, 1.72) ( Table 6 , model 1). The reduction in the predictive value of these 24-hr HRV and inflammation markers combined was 12.7%. When further adjusting for demographic, CVD risk factors, use of ␤-adrenergic blocking agents and health behaviors, results remained similar (Table 6 , model 2). When examining the independent daytime-HRV indices and inflammation markers (i.e., VLF-HRV, DFA 1 HRT slope, and IL-6), the reduction in the predictive value attributable to these factors was stronger (18.4% versus 12.7%). Results were similar when analyses were repeated while excluding participants on antidepressive medications (data not shown). 
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Mediational analyses were conducted examining the HRV and inflammation markers that were associated with depression (Tables 2 and 3) , as well as CVD mortality (Table 5) at p Ͻ .10 in adjusted models; i.e., daytime DFA 1 , IL-6, CRP, and fibrinogen). The addition of these variables reduced the predictive value of depression by 13.9%, and depression remained an independent predictor of CVD mortality (HR, 1.68; 95% CI, 1.06 -2.65). Adding the demographic and clinical measures to the multivariable model, a 7.7% reduced risk of depression was observed when adding DFA 1 , IL-6, CRP, and fibrinogen to a model that included depression and covariates.
DISCUSSION
This study demonstrates that depression is associated with selected indices of ANS dysfunction (daytime DFA 1 ) and inflammation markers (WBC count and fibrinogen) in individuals Ͼ65 years of age free of clinical CVD. Depression, ANS dysfunction, and inflammation markers were additive and independent risk factors for long-term CVD mortality. Only a small percentage of the predictive value of depression was attributable to autonomic dysfunction and inflammation markers, and further investigations are needed to explain the biobehavioral mechanisms by which depression predicts adverse CVD outcome.
Results from this study are consistent with prior observations that depression is associated with indicators of ANS dysfunction (5-7) and elevated inflammation markers (8 -11) . The associations between depression and these ANS and inflammation markers were relatively weak and only significant at p Ͻ .05 for daytime DFA 1 , fibrinogen, and WBC (Tables 2  and 3 ) in multivariable models. This finding was not a consequence statistical Type I error, as multivariate models indicated a significant effect for depression on the combined HRV indices as well as inflammation markers. Some evidence indicates that the depression-HRV relationships are not as strong in healthy individuals compared with CVD patients, and negative findings have been reported in CVD patients as well (28) . Restriction of HRV analyses to daytime observations was associated with stronger depression-HRV associations, but the typical HRV indices associated with depression Figure 3 . Changes in the strength of the association between depression and cardiovascular (CV) mortality (% log hazard ratio) after adjustment for autonomic nervous system measures (24-hour heart rate variability-based indices) and inflammation markers. A cutoff of 5% was used to indicate a significant mediation effect (solid bars). VLF ϭ very low frequency; HRV ϭ heart rate variability; LF ϭ low frequency; HF ϭ high frequency; SDNN ϭ standard deviation of the normal-normal intervals; PNN50 ϭ percent of successive NN interval differences Ͼ50 ms; RMSSD ϭ root mean square successive difference of NN intervals; DFA 1 ϭ detrended fluctuation analysis; HRT ϭ heart rate turbulence; CRP ϭ C-reactive protein; IL ϭ interleukin; WBC ϭ white blood cell. 
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(VLF-HRV, HF-HRV, total power [equivalent to SDNN], and RMSSD) did not reveal significant results for either daytime or 24-hour analyses. The relatively small effect size may, in part, be related to the selection criteria, excluding individuals with a known history of CVD, and processes related to aging. Prior studies have suggested that inflammation markers explain only a small portion of the risk associated with depressive symptoms for adverse cardiovascular outcomes (12, 13) , and that depression and inflammation markers are additive and independent risk factors of these outcomes (14 -16). Arbelaez et al. (60) observed a significantly elevated risk of stroke associated with depression only when inflammation markers (CRP) were elevated. The present findings indicate that the cardiovascular mortality risk associated with depression is reduced by 12.7% when adjusting for 24-hour DFA 1 , 24-hour HRT slope, and IL-6, and by 18.4% when adjusting for daytime VLF-HRV, DFA 1 HRT slope, and IL-6. These percentages indicate a significant (p Ͻ .01) but modest effect (Ͻ20%) of ANS dysfunction and inflammation (Fig. 3) . We note here that these percentages are largely explained by the predictive value of these measures for CVD mortality, as the cross-sectional associations with depression were minimal.
HRV-based indices of autonomic dysfunction were associated with higher levels of inflammation markers (Table 4) , which is consistent with other investigations (27) (28) (29) (30) (31) (32) 36) . Patterns of association between ANS indices and inflammation markers were similar in depressed and nondepressed individuals. However, HF-HRV was related to lower inflammation markers in depressed but not in nondepressed participants, which is consistent with other observations (28) . We also found that nonlinear markers (DFA 1 ) were inversely associated with inflammation markers in nondepressed but not in depressed individuals. It may, therefore, be that depression status needs to be considered in the selection of optimal HRV-based markers for ANS dysregulation.
Limitations
The present longitudinal study used psychological and biological measures that are feasible in large-scale cohort studies. The observed effect sizes of the associations between depression with ANS and inflammation markers were relatively small. HRV data could have been influenced by nonstationarity and artifacts related to differences in breathing characteristics. More sensitive measures may have resulted in stronger associations with depression (e.g., interviewbased evaluations for depression, peroneal sympathetic nerve registration for sympathetic nervous system activity, and flow-cytometry-based measures for inflammatory processes). However, such measures are impractical in largescale epidemiological studies.
Mediation analyses were conducted based on predictors that were assessed at baseline only. Repeated measures of simultaneously assessed depression, autonomic and inflammation markers are needed to further document the mediational pathways (58) . It is also possible that the long duration of follow-up may have obscured some of the transient mechanisms that play a role in the elevated CVD risk associated with depression. Prospective studies linking a risk factor to a disease outcome generally measure the risk factor at one time point (usually baseline), assuming relatively stable levels of the predictor and hence small within-individual variation over time. The predictive value of IL-6 for CVD mortality is stronger in the first 2 years post assessment compared with events that occur later during follow-up (61) . No such timedependent effects were seen for depression in this study (Fig. 2) . We have also shown that the 5-year changes in HRV indices are relatively small (21, 29) . Depression may wax and wane over time, but the inflammation-related correlates of depression may persist after depression remits (9) . Further research is needed on the time trajectories of behavioral and biological risk factors for adverse CVD outcomes.
The low prevalence of clinically severe depression and limited use of antidepressive medications in depressed individuals (11.5%) may, in part, reflect selection biases specific to community-based epidemiological studies. In addition, antidepressive medications, such as tricyclics, may have been used for conditions other than depression (e.g., sleep disorders or neuropathic pain) and may be associated with cardiac conduction delay, orthostatic hypotension, and other cardiovascular changes that can adversely affect CVD progression. Results from this study may not be generalizable to individuals Ͻ65 years of age and those with clinical CVD. Additional studies are needed to examine the neuroimmunological correlates of clinical depression and the effects of antidepressive interventions in the elderly as well as younger populations.
Clinical Implications
Results from this study suggest that the long-term adverse cardiovascular consequences of depression may be partially explained by ANS dysfunction and inflammation. These findings are important because clinical trials in patients with established CVD have shown that improvements in depression by either pharmacological (62) (63) (64) or psychological interventions (65) are modest, and generally not followed by significant reductions in cardiovascular outcomes (65, 66) . Subgroups of depressed individuals with excess cardiovascular risk may, therefore, exist based on neuroimmunological activation. Further research is needed to explore whether interventions that combine multiple pathways are beneficial in reducing the adverse cardiovascular risk related to depression. A multifactorial approach may improve optimal identification and treatment of patients who are at high-risk of cardiovascular morbidity and mortality.
